STUDY QUESTION: How common were children among infertile couples?
Introduction
Couples seeking children generally focus initially on having one child, although most hope for a family of two or more (Lampic et al., 2006; Vassard et al., 2016) . However, the timing and completed family size may not eventuate as planned, given more than 20% of couples in high-income countries experience infertility of 12 months or longer (Greil and McQuillan, 2004; Bhattacharya et al., 2009; Herbert et al., 2009; Klemetti et al., 2010; Righarts et al., 2015) .
Studies in Scotland, Australia and New Zealand found that almost three quarters of infertile couples sought medical help, although a much lower proportion received treatment (Bhattacharya et al., 2009; Herbert et al., 2009; Righarts et al., 2015) . Nevertheless, recent studies of the prognosis for infertile couples have focussed on success rates for specific treatments, predominantly ART (Brandes et al., 2010; Nelson and Lawlor, 2011; McLernon et al., 2016) . Predictors of successful resolution for all couples, regardless of intervention, are not so well characterized.
Decision-making by infertile couples will be influenced by the relative effectiveness of available options; both patients and clinicians cite a lack of prognosis knowledge as an impediment to the implementation of care (van den Boogaard et al., 2011) . There is also debate regarding the potential overuse of ART and its long-term risks, where less invasive treatment may prove as effective (Boujenah et al., 2016; Kamphuis et al., 2014) . However, expectant management is only likely to be accepted by individuals if appropriate prognostic information and counselling can be provided to allow anxiety and stress to be managed (Childress et al., 2015; van den Boogaard et al., 2011) .
Therefore, to address this information gap, we aimed to estimate the proportion of infertile couples who resolved infertility with a live birth and their mean total number of children, (including after discharge from infertility care), and to investigate the demographic and clinical factors impacting on these outcomes.
Materials and Methods

Participants
The Otago Fertility Service was the sole provider of specialist fertility services in the two southern-most provinces of New Zealand. All heterosexual couples, first assessed between 1998 and 2005, were included in a longitudinal study tracking diagnoses, treatments and live births while in clinical care; the main objective of this research was to assess the performance of New Zealand's public funding model for ART (Gillett et al., 2012) . Couples were evaluated by one of the clinic's two physicians, who provided a standard clinical process guided by the access criteria for publicly funded services in New Zealand. Treatment strategies were discussed, with specific counselling offered to those electing ART. All couples were included in this subsequent study, independent of whether they met funding criteria or had any form of public or privately funded treatment.
Externally sourced data
Clinic-held data for each couple were linked through the female partner to: The National Maternity Collection, to access the date and number of live born children for all births to the end of 2014; and centrally stored health data to access ethnicity and the New Zealand Deprivation Index. This index measures relative residential area deprivation and is often used as a surrogate marker of individual socio-economic status (SES) in epidemiological studies (Salmond and Crampton, 2012) .
Outcome variables
For each couple, the total number of children was the sum of live birth counts (which ranged from none for stillbirths to three for triplets) for each birth event identified subsequent to the couple's first assessment with the Otago Fertility Service. Any births occurring after discharge from the clinic, except where treatment entailed reconstructive surgery, were presumed to be spontaneous. Date of first assessment and first live birth were used to calculate time to resolution. Time from assessment to end of clinical contact was calculated using the couple's last appointment date and full follow-up time was from first assessment until 31 December 2014.
Explanatory factors
Female age, primary or secondary infertility, BMI, smoking status and the couple's duration of infertility were recorded at the first assessment. Diagnoses and treatment were recorded during care (refer to Gillett et al., 2012) . Age was categorized as: <30, 30-34, 35-37, 38-39, 40-41 or ≥42 years, and ethnicity as European, Māori or Other. SES was categorized as: high (deprivation deciles 1-3), medium (deciles 4-7) or low (deciles 8-10). Duration of infertility was grouped into: <2, 2-4 or >4 years. BMI (in kg/m 2 ) was categorized as: underweight (<18.5), normal (18.5-24.9), overweight (25.0-29.9), moderate obesity (30.0-34.9) or severe obesity (≥35.0). Diagnoses-tubal disorder, endometriosis, ovulation disorder and semen disorder-were assessed by the clinician as no evidence, mild/ moderate, or severe (refer to Gillett et al., 2012) . Less common diagnoses (e.g. cervical stenosis, psychosexual disorders) were not analysed. The 'no evidence' group included, for semen disorder, 80 men who did not have a semen analysis and, for tubal disorder and endometriosis, 686 women who did not have a diagnostic laparoscopy. Laparoscopy was undertaken either if clinically indicated, the woman was ≥30 years or was infertile for ≥3 years. Hysterosalpingography was usually reserved for women with uncertain tubal status at laparoscopy. Couples without evidence of any diagnosis were considered to have unexplained infertility. ART treatment (with the number of oocyte retrievals and embryo transfers) and/or any non-ART treatment (e.g. surgery, artificial insemination, ovulation induction) was recorded for each couple.
Statistical analyses
All analyses were conducted in Stata/SE 14.2 (StataCorp, TX, USA). Twosided P < 0.05 was used to define statistical significance and 95% CIs are presented. The distribution of each categorical independent variable was calculated, with the mean or median for continuous variables. Outcomes (resolution of infertility and additional children) were summarized by infertility type and treatment.
A hurdle regression model was used to examine the predictors of infertility resolution and the number of additional children. Both outcomes were modelled using Poisson regression (with robust standard errors). Initially, all potential explanatory variables were examined separately and were considered for inclusion in an adjusted model if unadjusted P < 0.20. Variables were removed from the adjusted model if there was no significant effect or evidence of improved model fit. Overall significance for each variable was determined with a Wald test. This approach was repeated twice, first limiting to spontaneous and then to treatment-dependent resolution as the outcomes; diagnostic laparoscopy was investigated as a potential predictor for the spontaneous resolution model. Loss to followup during clinical care was explored in the treatment-dependent model.
Ethics approval
The study was approved by Southern Health and Disability Ethics Committee (15/STH/117). All couples undergoing ART or artificial insemination consented to reporting requirements, including pregnancy outcomes; informed consent was not required for the use of existing health data sets and anonymized health data.
Results
Patient characteristics
From 1998 to 2005 there were 1386 couples assessed by the clinic who were followed in care for a median of 1.1 years and, for live births using routinely collected data, for a total median of 13.1 years. Only 13.4% of women were <40 years when follow-up concluded. The median age of women at their first assessment was 32.7 years, 67.2% had primary infertility, 88.3% were European and 16.7% low SES (Table I ). The median duration of infertility was 24 months; the median BMI was 24.6 kg/m 2 and 19.6% were smokers. A diagnosis of tubal disorder, endometriosis, ovulation disorder and/or semen disorder was made in 24.7, 20.5, 25.5 and 40.7% of couples, respectively; infertility was unexplained in 15.7%. Treatment was undertaken by 64.8% of couples, with 35.9% commencing ART alone or in combination with other treatment. The mean number of oocyte retrieval procedures and embryo transfers per couple commencing ART was 1.7 and 2.3, respectively.
Cumulative incidence of resolution with a first birth and total births Overall, 253 (18.3%) couples resolved due to ART. The median times were significantly (P < 0.001) longer among those who had ART or ART in combination with other treatment (2.4 and 3.2 years) versus non-ART only or no treatment (1.7 years and 1.3 years). Of the couples who had treatment-dependent resolution, 53 (11.0%) had twins (no higher multiples were recorded in the first birth) versus 7 (1.9%) in those who spontaneously resolved. The proportions having twins after successful treatment with ART was 13.8%. Of the 855 couples who resolved their infertility, 475 (55.6%, 52.2-58.9%) had ≥1 additional child, 357 had two in total, 95 had three and 23 couples had ≥4 children; the mean number of children among couples who resolved infertility was 1.7 (Table II) . Almost two-thirds (63.8%, 59.8-67.7%) of those with primary infertility had additional children (mean 1.8) versus 36.4%, (30.6-42.6%) in those with secondary (mean 1.4). Of the 482 couples who had treatment-dependent resolution, 163 (33.8%) had ≥1 additional child (through a twin first birth or a subsequent birth) that was also treatment-dependent. This included 52 couples who had additional children from ART treatment and 73 from non-ART (of which 61 were considered treatment-dependent only due to surgery undertaken for initial resolution). A further 103 (21.3%) had subsequent additional children without treatment. There were also 13 couples who first resolved infertility spontaneously and subsequently had treatment-dependent additional children.
Determinants of resolution and additional children
After simultaneously considering all explanatory factors in unadjusted models (see Supplementary Table S1 ), only women's age strongly determined both infertility resolution and the number of additional children, with significant decreases in both for women ≥30 years (Table III) . While differences between age groups 38-39 years and 40-41 years were not significant, those aged ≥42 years had a pronounced reduction in the probability of resolving infertility (adjusted relative risk (ARR) 0.12, 95% CI 0.05-0.27, versus <30 years) and no additional children were observed in this age group.
Resolution was also less common in those who had low versus high SES ( (Table III) . Limiting the outcome to spontaneous resolution had little impact on the patterns of association (data not shown). The only differences were that there was no longer an association with deprivation and there was poorer resolution for severe tubal disorder. There was also no evidence that diagnostic laparoscopy had any beneficial effect for spontaneous resolution (1.12, 0.94-1.32). SES was further investigated in a treatment-dependent resolution model; the ARR was 0.72 (0.59-0.88) for low versus high SES, but became non-significant (0.85, 0.71-1.02) when loss to clinical follow-up was added to this model. Loss to clinical follow-up was significantly more common, even after initiating treatment, in low versus high SES (P < 0.001).
In addition to increased age, having primary infertility (adjusted incidence ratio 1.61, 1.36-1.91), a severe tubal disorder (0.71, 0.53-0.95) or having commenced ART alone (0.79, 0.67-0.94) or ART in combination with other treatment (0.78, 0.66-0.93) all had significant and independent impacts on additional children once infertility had been resolved (Table III) . Among couples who resolved infertility with one or more live births. c Of 117 treatment-dependent resolutions among couples who received non-ART and ART, seven resulted from non-ART treatment.
women aged <30 years, and very unlikely for those aged ≥42 years. Couples who were infertile for four or more years before attending were also less likely to resolve their infertility. Resolution was not affected by being overweight or moderately obese, but was affected among women who were severely obese (BMI ≥ 35 kg/m 2 ). Low SES was associated with a moderately reduced probability of treatmentdependent resolution.
Among couples who resolved their infertility, the mean number of live born children after referral was 1.7. Among those who had primary infertility and resolved their infertility, 63.8% had at least one additional child.
Most factors that were associated with resolution showed similar patterns when examining additional children; the exceptions were SES and duration of infertility, which had no significant impact.
Strengths and limitations
The study monitored a relatively large patient cohort, and the longterm resolution of infertility and total numbers of children after clinic attendance was determined through linkage with national birth data. The mean follow-up length for our study was 13.1 years, longer than Wald test P-value for overall significance of the variable. ARR, adjusted RR; AIR, adjusted incidence ratio.
for comparable studies undertaken in The Netherlands and Denmark (which ranged from 5 to 8 years) (Brandes et al., 2010; Donckers et al., 2011; Kjaer et al., 2014; Pinborg et al., 2009) . Thus, more comprehensive data on live birth outcomes were obtained, with the majority of women in the study nearing the end of or having concluded their reproductive years. Both publicly and privately funded treatment was analysed, giving a complete picture of resolution; there was no evidence that this introduced bias-pregnancy rates were similar for those who commenced private and public ART (Gillett et al., 2012) . While long-term follow-up was needed to investigate completed childbearing, this also has the disadvantage of analysing treatment data that are now out-of-date. In New Zealand, ART levels remain relatively conservative (as they have also in the UK and The Netherlands) compared with Australia, Denmark and Scandinavian countries (Dyer et al., 2016) . Nevertheless, rates of ART in New Zealand have increased three-fold between 2000 and 2014 (Harris et al., 2016) . However, while treatmentdependent resolution may have improved (possibly partially at the expense of spontaneous resolution), it is unlikely that the factors influencing resolution would have changed.
A paucity of data confirming fatherhood for male partners was the only other serious limitation of this study; after clinical contact ended there was no information on how many women had ended the relationship with their assessed partner (among whom the male factors might have changed). SES data must also be interpreted cautiously, as this was based on relative deprivation of the couples' residential area, rather than an individual measure.
Comparison with other studies
In both Brandes et al.'s (2010) Dutch study and our cohort, relatively low rates of ART (25 and 36%, respectively) and high rates of spontaneous conception, just under half in both studies, were observed. Despite low ART rates, resolution of infertility was common (72.0% with a confirmed ongoing pregnancy in the Dutch study). The probability of resolution was comparable to that seen in other studies in the Netherlands (51%) and Denmark (57.2% nationally and 69.4% in patients undergoing treatment in Copenhagen) (Donckers et al., 2011; Kjaer et al., 2014; Pinborg et al., 2009) .
The only other study to report on the total mean number children, that of patients undergoing treatment in Copenhagen, had similar results (1.6 among those who resolved infertility compared with 1.7 in our study) (Pinborg et al., 2009) . They also found reduced success in those who were older than 35 years, had been infertile for more than 3 years or had tubal pathology.
Interpretation
The high levels of resolution in our study are similar to comparable studies, suggesting that the estimates are relatively robust. Importantly, many of the couples in both our study and in those from The Netherlands, did not need any treatment to resolve infertility. It is likely the high rates of spontaneous resolution in our study were due to the conservative management of couples. This also, at least partially, explains the longer time to resolution in those who had treatment, as some couples had treatment after initially being conservatively managed.
We have found that infertility resolution and the number of additional children were similarly predicted by age. Thus our study confirms, as have others, the negative impact of delaying fertility (Brandes et al., 2010; Pinborg et al., 2011; Schmidt et al., 2012) . However, we have shown that a third of women in their very early forties were able to resolve their infertility; highlighting the importance of providing older women with the opportunity to resolve infertility by initiating referral early.
Notably, we found little effect of increased weight except among women with a BMI of at least 35 kg/m 2 . We also found a negative effect for severe diagnoses of tubal disorder and endometriosis, but not for ovulation disorders; possibly a reflection of high level of success in the relatively simple correction of ovulation disorders (Eijkemans et al., 2003) . It was expected that resolution for those with severe tubal disorder and severe endometriosis would be lower, as spontaneous pregnancies are less likely. We found low SES (based on residential area) was detrimental to successful resolution, despite controlling for treatment, but not when analyses were restricted to spontaneous pregnancies only; thus, demonstrating that treatment was less successful in these couples. A substantial proportion of their reduced treatment success was explained by the increased risk in low SES couples of dropping out of care, even after commencing treatment.
Conclusions
Overall, the prognosis for couples experiencing infertility is positive and many will not require treatment to have a child. For couples who want more than one child, the prognosis is also positive; if subsequent to seeking care they have one birth, the chances are high they can have more. Our prognostic data confirm the importance of advising couples not to delay trying to start a family if that suits their personal situation, especially if they want more than one child. It also confirms the importance of early referral for women who are older. Without evidence of severe diagnoses or a significant duration of infertility, younger couples may be guided into expectant management. This will provide more opportunity to spontaneously conceive and avoid the potential over-treatment burden. The provision of evidence-based information is also relevant for couples who may not need, or want, treatment and should improve the patient experience. Further research is needed to assess how to refine policy and best practice for moderately obese women, and confirm whether and, if so, how a couple's individual SES is impacting on retention in clinical care and resolution of infertility. Research is also needed to assess experiences of more recent patient cohorts and develop prediction models that guide practice for the initial management of infertility.
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